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I.  INTRODUCTION 


A  charge  configuration  that  is  frequently  employed  in  Army  howitzers 
is  the  multizone,  artillery  propelling  charge.  This  type  of  charge, 
schematically  illustrated  in  Figure  1,  consists  of  several  discrete 
packages  of  propellant  bound  together  in  some  fashion,  as  with  tie 
straps.  The  principal  rationale  for  this  charge  design  is  that  a 
particular  velocity  can  be  achieved  dependent  on  the  number  of  packages 
loaded  into  the  weapon  chamber,  and  this  selectable  velocity,  coupled  with 
the  permitted  variation  of  weapon  launch  angle,  allows  a  wide  range 
coverage  by  indirect  fire  weapons. 

PRIMER  BASE  PAD  CHAMBER  PROJECTILE 


Figure  1.  Granular-Propellant,  Multiple-Increment,  Bagged  Charge 

The  requirements  on  the  design  of  a  multizone  charge  are  demanding. 
The  charge  must  exhibit  reliable  performance  at  the  low-zone  end  without 
compromising  performance  at  any  other  zone  level.  ’  A  case  in  point  is 
the  novc-terminated  development  program  for  the  155-mm,  XM211,  Propelling 

Charge.  ’  The  XM21I  employed  a  small-web,  single-perforation  propellant 
in  the  base  increment  and  a  large-web,  seven-perforation  propellant  in  the 
upper-zone  increments.  Coupling  a  very  rapidly  burning  local ized-ignition 


I.  W.  May,  "The  Role  of  Ignition  and  Combustion:  A  Survey  of 
Developmental  Efforts,"  13th  JANNAF  Combustion  Meeting, 

CPIA  Publication  281,  Vol .  I,  pp.  315-340,  September  1976. 

I.  W.  May  and  A.  W.  Horst,  "Charge  Design  Considerations  and 
Their  Effect  on  Pressure  Waves  in  Guns,"  ARBRL-TR-02277  , 
Ballistic  Research  Laboratory,  USA  ARRAD00M,  Aberdeen  Proving 
Ground,  M),  December  1980  (AD  A095342). 

T.  C.  Minor  and  J.  DeLorenzo,  "Charge  Design  Approaches  to  the 
Reduction  of  Low  Zone  Stickers,"  1976  JANNAF  Propulsion 
Meeting,  CPIA  Publication  280,  Vol.  Ill,  pp.  403-434, 

December  1976. 

R.  J.  DeKleine,  "155-mm  XM211  Propelling  Charge  Zones  3-6 
Design  Review  Minutes,"  Office  of  Project  Manager,  Cannon 
Artillery  Weapons  Systems,  Dover,  NJ ,  April  1980. 
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source  to  forward  packages  of  less  rapidly  burning  propellant  in  the  XM211 
led  to  the  formation  of  axial  pressure  waves,  particularly  at  the  Zone-5 
level  with  charges  conditioned  to  63°C.  From  this  program,  we  once  again 
learned  that  it  is  necessary  to  consider  all  the  interrelated  components 

that  make  up  the  charge  in  order  to  obtain  satisfactory  performance  at  all 
zone  levels. 

The  phenomenology  of  a  multiple-increment,  bagged  charge  similar  to 
that  of  Figure  1  was  considered  in  detail  previously.  ,b  It  was  shown  that 
in  addition  to  well-documented  problems  usually  associated  with  pressure 
waves  in  high-loading-density  M203  charges,  the  deleterious  effect  in  low- 
loading-density  charges  of  the  impact  of  large  quantities  of  propellant  on 
the  projectile  base  on  the  projectile's  safety  and  performance  is  also  of 
concern.  Even  though  pressure  waves  themselves  in  this-low-loading-density 
charge  were  not  a  hazard  to  tube  or  breech  integrity,  they  have  adversely 
affected  more  delicate  weapon  mechanisms. 

To  eliminate  many,  if  not  all,  the  aforementioned  problems,  the  charge 
design  community  is  seriously  considering  modular,  energetic  packaging 
configurations  for  both  granular  and  stick  propellants  with  special 
emphasis  being  placed  on  the  stick  configuration.  The  use  of  stick 
propellant  in  both  high-  and  medium-performance  artillery  charges  is 
finding  increased  application.  The  Army  is  currently  introducing  stick 

propellant  into  the  product-improved  155-mm,  M203  (Zone  8S)  charge.  As 

future  advanced  artillery  weapons  systems  come  along,  the  use  of  stick 
propellant  is  virtually  assured. 

The  main  advantages  of  charges  made  with  stick  propellant  are: 
reduced  pressure-wave  generation  leading  to  improved  safety;  increased 
loading  density,  permitting  the  use  of  lower  flame  temperature  propellants 
that  may  reduce  wear,  flash,  and  blast;  simplicity' of  the  ignition  system 
with  reduced  ignition  delay;  and  simplified  loading,  assembling  and 
packaging  procedures.  In  Figure  2,  a  multizone,  modular  charge  consisting 
of  three  zones  is  shown. 

As  illustrated  in  Figure  3,  one  of  the  main  advantages  of  modular- 

charge  configurations  over  bag-charge  configurations  is  a  rigid  package 
consisting  of  interlocking  components,  thus  facilitating  automatic  loading 
in  new  weapons  systems  planned  for  the  1990s  to  augment  the  M198  Howitzer 


T.  C.  Minor  and  A.  W.  Horst,  "Experimental  Studies  of  Ignition 
Phenomena  In  One-Dimensional  Propelling  Charges,"  ARBRL-TR-02315 , 
Ballistic  Research  Laboratory,  USA  ARRADCOM,  Aberdeen  Proving 
Ground,  MD,  April  1981  (AD  A100298). 

C.  R.  Ruth  and  T.  C.  Minor,  "Multizone  Artillery  Propelling  Charge 
Studies,"  ARBRL-TR-02486 ,  Ballistic  Research  Laboratory,  USA  ARRADCOM, 
Aberdeen  Proving  Ground,  M),  May  1983  (AD  A128285). 

T.  C.  Minor,  "Mitigation  of  Ignition-Induced,  Two-Phase  Flow 
Dynamics  in  Guns  Through  the  Use  of  S"ick  Propellant,"  ARBRL-TR-02508 , 
Ballistic  Research  Laboratory,  USA  ARRADCOM,  Aberdeen  Proving  Ground,  MD , 
August  1983  (AD  A133685). 


shown  in  Figure  4.  Furthermore,  since  the  modular-charge  system  will 
consist  of  a  small  number  of  discrete  module  types,  the  propelling  charge 
corresponding  to  a  desired  performance  level  can  be  built  up  from  the 
increments  at  firing  time,  rather  than  discarding  bags  of  propellant  as  is 
currently  done  with  multizone  artillery  charges,  resulting  in  a  propellant 
and  cost  savings.  New  processing  techniques  might  allow  for  the 
incorporat ion  of  additives  such  as  wear-reducing,  decoppering,  flash- 
reducing,  etc.,  directly  into  the  case,  and  the  increased  strength  of 
loaded,  rigidized  combustible  cartridge  cases,  as  compared  to  bag  charges, 
will  minimize  handling  and  transportation  problems. 


I  'I  rim  in  ■> 
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Figure  2.  Stick-Propellant,  Multiple-Increment,  Modular  Charge 


Figure  3.  Comparison  of  Modular  Figure  4.  M198  Howitzer 

and  Bagged  Charges  System 


Let  us  now  examine,  with  reference  to  Figure  2,  some  of  the  potential 
events  in  the  early  portion  of  the  interior  ballistic  cycle  with  a 

combustible-cased,  modular  propelling  charge.  The  output  of  a  primer 
impinges  on  a  basepad,  and  the  burning  basepad  ignites  the  rear  case  wall 
of  the  module.  Upon  burn-through  of  the  rear  case  wall,  the  rear  of  the 
propellant  bed  is  exposed  to  hot  igniter  gases,  and  is  heated  to 

ignition.  These  hot  gases  then  join  those  from  the  igniter  and  case  to 

produce  a  convectively  driven  ignition  wave,  resulting  in  flamespread 
through  the  charge.  In  the  situation  of  granular  propellant,  resistance  to 
the  gas  flow  may  lead  to  the  formation  of  a  pressure  gradient  in  the 
propellant  bed,  and  perhaps  even  movement  of  the  solid  phase,  as  we  have 

previously  seen  for  bagged  granular  charges.^  With  the  use  of  stick 

propellant  yielding  a  much  smaller  resistance  to  gas  flow,  essentially  no 
pressure  gradient  is  formed  in  the  propellant  bed,  and  we  would  not  expect 


the  solid  phase  to  experience  much  movement.  However,  even  with  the  stick 
propellant,  there  will  be  substantial  resistance  to  the  flow  of  the  gases 
offered  by  the  relatively  impermeable  interzone  barriers  presented  by  the 
case  end  walls,  possibly  leading  to  the  acceleration  of  entire  packages  of 
propellant  toward  the  projectile  base.  Complicating  characterization  of 
these  phenomena,  but  perhaps  resulting  in  better  ignition  of  the  charge, 
the  igniter  gases  may  take  the  path  of  least  resistance  and  flow  into  the 
annular  ullage  surrounding  the  charge,  which  will  almost  certainly  be 
present  in  order  to  facilitate  loading.  We  have  noted  such  behavior  in 
other  combustible-cased  charges  employing  stick  propellant.8  In  this 
manner,  the  case  may  begin  to  burn  along  its  length,  and  if  the  case 
collapses  due  tc  pressurization  of  the  ullage,  the  propellant  bed  itself 
may  be  exposed  to  these  hot  gases  along  a  substantial  portion  of  its  axial 
extent,  promoting  uniform  ignition  of  the  charge.  Lastly,  we  cannot 
overlook  the  potential  for  fracture  of  the  propellant,  either  granular  or 
stick.  Such  fracture  may  occur  not  only  as  a  result  of  impact  of  a  package 
of  propellant  on  the  projectile  base,  but  also  due  to  attack  of  an  overly 
bri  ;ant  igniter  on  the  rear  of  the  charge.  Furthermore,  stick  propellant 
may  rupture  due  to  a  pressure  differential  established  between  the  interior 
and  exterior  of  the  long  grain.  All  of  these  processes  serve  to  create 
unprogrammed  burning  surfaces,  which  may  lead  to  high  local  pressurization 
and  the  formation  of  pressure  waves,  should  even  the  natural  flow  channels 
presented  by  stick  propellant  he  obstructed. 

The  experimental  investigations  reported  herein  attempted  to  assess 
the  influence  of  loading  conditions  and  variations  of  the  interrelated 
components  which  comprise  a  medium-performance,  large-caliber,  combustible- 
cased,  multizone  propelling  charge  on  pressure-wave  formation.  These 
investigations  were  conducted  via  test  firings  of  the  charges  in  both  a 
well-instrumented  155-mm  howitzer  and  a  howitzer  simulator. 

II.  TEST  SETUP 

A.  Weapon 


A  155-mm,  M199  tube  modified  with  pressure  ports  at  thirteen  axial 

locations  was  the  test  weapon  for  all  the  firings.  The  standard  muzzle 
brake  was  replaced  with  a  special  pressure-gage  adapter  used  in  support  of 
a  muzzle-pressure  program  that  was  conducted  concurrently  with  the  multi¬ 
zone  firings.  For  this  weapon,  the  standard,  lanyard-operated,  spring- 
driven  firing  pin  was  replaced  by  a  gas-activated  firing  pin.^  The  gas 
necessary  to  drive  the  modified  firing  pin  into  the  M82  percussion  primer 


T.  C.  Minor  and  A.  W.  Horst,  "Ignition  Phenomena  in  Developmental  Stick- 
Propellant,  Combustible-Cased,  155-mm,  M203E2  Propelling  Charges," 
AR8R1-TR-02 568 ,  Ballistic  Research  Laboratory,  USA  ARRADCOM,  Aberdeen 
Proving  Ground,  MD,  July  1984. 

J.  J.  Rocchio,  R.  A.  Hartman,  and  N.  J.  Gerri ,  "An  Electric  Primer- 
Operated  Firing  Pin  Actuator  for  Large  Caliber  Guns,"  ARBRL-MR-02897 , 
Ballistic  Research  Laboratory,  USA  ARRADCOM,  Aberdeen  Proving  Ground, 

MD,  January  1979  (AD  A0691091. 
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FIRING  RESULTS  FDR  ULLAGE  VARIATION’S/GRANULAR  PROPELLANT* 


TABLE  4. 


'«j  rles 

Charge  Variations 

Spindle 

No. 

Ign. 

\’o . 

Pressure 

-AP 

Velocity 

Rds  . 

Del  . 

(MPa) 

(MPa) 

(m/s) 

(ms ) 

8  . 

CHI  basepad  on  Module  A/ 

281 

23 

695 

3 

51 

Hole  of  endcaps  on  Modules 

(5.5) 

(18.2) 

(2.6) 

(19.1) 

A,  B,  and  A"  opened  from  22 
to  SI  mm/  Holes  of  fronts  of 
.Modules  A  and  B  opened  from  22 
to  St  mm/  Vent  holes  (5.6-mm 
d i am)  put  in  Modules  A  and  A" 

(SO  holes)  and  in  Module  B  (40 
holes)/  NC  spacers  connected  to 
Modules  A  and  B,  and  to  B  and  A" 

Similar  to  Series  8  except  283**  34**  696  3  40 

that  vent  holes  3.8-mm  in  (2.1)  (3.5) 

d i ameter 


Same  as  Baseline  Scries  1  276**  26**  69b**  2  47 

except  that  modules  sepa¬ 
rated  in  chamber  with  no 
spacers  keeping  them  from 
ffii'-v  i  ng 


I  1  .  Same  as  Series  1  except  322  65  701  1  56 

that  modules  were  placed 
at  max inum  standoff  -  10 
<■•!!  from  spindle  face 

an  ir rd  deviations  are  given  in  parentheses  for  series  with  3  or  more 

rounds 

**Avera,'"  el.  two  rounds 


!  *  determine  the  effects  of  maximum  standoff,  another  Baseline  Series  1 
burg’  was  fabricated  and  test-fired  (Series  11,  Figure  14).  The  results 
'  1 1 !  ttie  one  round  tiring  are  shown  in  Table  4,  The  peak  pressure  and  -AP. 
o  i.’f  and  (■>'■  MPa ,  respectively,  were  much  higher  than  observed  with  the 
'  aseli  series.  The  change  in  standoff  from  2  to  10  cm  apparently  alters 
’  t  l  v  ot  igniter  and  initial  combustion  gases  significantly.  Though  only 

<'•  r d  was  fired,  this  configuration  gave  the  highest  level  of  pressure 

wav .  s  ot  ail  the  series  tested  using  a  one-base pad  ignition  source. 

M  do  !  it  Gi  s  ■  •  -  s  t  irk  Prope  1  1  ant 

i.  lino  11,  a  Scrics/Stick  Propellant.  To  fabricate  the  baseline 

•••  r  n  s,  :  >■  jvpr-  ',  NC  containers  were  used.  Two  of  the  long  A  modules  and 
1  >  t  r  ';o  a  a  r  B  modules  were  loaded  with  2.9  kg  and  2.0  kg ,  respectively, 

•  i i  v'  :  1  ,  ■  id  red-stick  propel lant .  Endraps  were  placed  on  all  three 

■•'•rt.it"’d  .  before  f  Lev  were  fitted  together  into  a  charge  consisting  of 
h  ' ad  '  ■  i  u  1  e  \  vodiile  B/ Module  A"  (  Figura  15).  As  in  the  previous  tests, 

V|  'o’,  \  w  e.  ■  e-r  r "  flu  hasepad  ami  Module  A"  was  at  the  front  of  the 
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Propellant  with  Ullage  Variations 


vent-hole  size  from  5.6  mm  to  2.8  mm  produced  a  four-fold  reduction  In 
access  area  of  Igniter  and  early  combustion  gases  to  propellant  surfaces. 
Such  a  reduction  Impeded  uniform  axial  Ignition  of  the  charge,  and,  as 
expected,  resulted  In  a  higher  level  of  pressure  waves. 

3.  Ullage  Variations /Granular  Propellant.  Since  the  length  of  the 
charge  and  that  of  the  chamber  differed  by  only  10  cm,  there  could  be  no 
dramatic  altering  of  the  charge /chamber  Interface.  Two  basic 

configurations,  charge  at  maximum  standoff  and  charge  modules  equally 
separated  with  NC  spacers  interconnecting  the  modules  in  the  chamber,  were 
selected.  Perturbations  on  each  of  these  two  series  were  also  fired. 
Results  are  noted  in  Table  4. 

Series  8  was  similar  to  Series  5,  except  that  NC  spacers  made  it  almost 
full-chamber  length  (Figure  14).  As  in  Series  5,  the  holes  in  the  three 
endcaps  and  the  front  of  Modules  A  and  B  were  opened  from  22  to  51  ram,  and 
50  vent  holes  in  Modules  A  and  A"  and  40  vent  holes  in  Module  B,  all  5.6  ram 
In  diameter,  were  added  to  insure  maximum  axial  and  radial  penetration  of 
igniter  gases  into  the  propellant  bed.  After  the  charge  was  fabricated,  two 
NC  spacers,  one  connected  to  Modules  A  and  B,  the  other  connected  to  Modules 
B  and  A",  were  inserted.  This  increase  in  charge  length  reduced  the 
possible  axial  movement  of  the  charge  from  10  to  2  cm.  The  results  (Table 
4)  of  this  restriction  on  charge  movement  did  little  to  peak  pressure  in 
comparison  to  Series  5  (281  MPa  versus  277  MPa),  but  substantially  increased 
the  level  of  pressure  waves  (23  versus  8  MPa).  The  large  standard  deviation 
in  -AP  of  18  MPa  and  in  ignition  delay  of  19  ms  attested  to  the  large 

variation  within  the  three  rounds.  Charge  integrity  was  weakened  by  the 
five-module  system  (Module  A/NC  spacer/Module  B/NC  spacer /Module  A")  since 
the  two  5-cm  long  spacers,  fabricated  from  an  existing  module,  did  not 

Interlock  as  tightly  as  the  modules.  This  could  have  contributed  to  erratic 
ignition  and  flow  of  igniter  and  combustion  gases  through  the  system. 

To  determine  the  effect  of  reduced  radial  penetration  of  igniter  gases 
into  a  charge  that  had  the  same  overall  axial  and  radial  dimensions  as  those 
of  Series  8,  Series  9  (Figure  14)  was  fabricated  with  vent  holes  3.8  mm  in 
diameter,  all  other  characteristics  of  the  charge  being  the  same  as  Series 
8.  This  reduced  the  radial,  initial  vent  area  by  a  factor  of  two.  The 

results  (Table  4)  were  essentially  the  same  as  Series  8  for  pressure, 

velocity  and  ignition  delay.  The  -AP^  was  about  30  percent  higher,  again,  a 
not-surprising  result. 

In  Series  10  (Figure  14),  the  effect  of  initial  increment  position  on 
pressure-wave  formation  was  addressed.  The  charge  fabrication  used 

unmodified  NC  modules  as  in  the  baseline  series,  wherein  the  hole  in  the 
endcap  of  only  Module  A  was  opened  up  from  22  to  51  mm.  The  increments  were 
positioned  so  that  Module  A"  was  forward  against  the  base  of  the  projectile; 
Module  B  was  mid-chamber  approximately  5  cm  from  the  base  of  Module  A";  and 

Module  A  was  2  cm  from  the  spindle  face,  approximately  5  cm  from  Module  B. 

No  spacers  were  positioned  between  modules  to  keep  them  from  moving  after 
ignition  occurred.  The  averaged  results  (Table  4)  for  a  two-round  series 

gave  a  peak  pressure  of  276  MPa  and  a  -AP  of  26  MPa  which  were  similar  to 
those  observed  in  Series  8  and  9.  Although  peak  pressure  was  about  the  same 
as  the  baseline  series,  the  level  of  pressure  waves  was  considerably  less, 
indicating  a  more  uniform  ignition  of  the  charge. 
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Figure  12.  Spindle  and  Forward  Chamber  Pressure  and  Pressure  Difference 
versus  Time  for  Medium  Pressure  Waves 


Figure  13.  Spindle  and  Forward  Chamber  Pressure  and  Pressure  Difference 
versus  Time  for  Small  Pressure  Waves 

versus  279  MPa)  but  a  dramatic  drop  in  the  -AP  (8  versus  46  MPa).  This 
combination  of  both  axial  and  radial  enhancement  of  igniter  gas  flow  into 
the  charge  reduced  pressure-wave  levels  sixfold.  Examples  of  both  medium 
pressure  waves  (10  to  20  MPa)  and  small  pressure  waves  (0  to  10  MPa)  are 
shown,  respectively,  in  Figures  12  and  13. 

In  each  series,  it  was  necessary  to  place  a  thin  cloth  covering  over 
either  the  22-mm  or  51-mm  hole  to  prevent  propellant  from  moving  from  one 
module  to  another.  In  those  series  with  51-mm  openings,  the  integrity  of 
the  cloth  in  preventing  propellant  from  moving  from  one  module  to  another 
was  suspect.  In  Series  6  (Figure  9),  we  kept  the  small  22-mm  opening  and 
yet  still  maintained  the  large  radial  and  axial  flow  of  igniter  gases  as  in 
Series  5.  This  was  done  by  altering  the  three  endcaps  and  fronts  of 
Modules  A  and  B  with  150  holes  5.6  mm  in  diameter,  rather  than  opening  the 
22-mm  hole  to  51  mm.  The  results  (Table  3)  for  the  one  round  agreed  well 
with  those  from  the  Series  5  firings.  Peak  pressure  was  281  MPa 
and  -AP^  was  10  MPa,  only  slightly  higher  than  the  8  MPa  of  Series  5. 

To  further  clarify  the  importance  of  the  radial  and  axial  vent  holes 
In  the  charge,  another  round  similar  to  Series  6  was  fabricated  and  test- 
fired.  In  Series  7,  the  holes  in  both  the  module  sides,  fronts  and  endcaps 
were  reduced  from  5.6  mm  to  2.8  mm  in  diameter  (Figure  9).  Peak  pressure 
was  about  the  same  as  Series  6  (Table  3).  The  initial  reverse-pressure 
gradient  at  16  MPa  was  higher  than  the  10  MPa  of  Series  6.  The  change  in 
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Figure  11.  Spindle  and  Forward  Chamber  Pressure  and  Pressure  Difference 
versus  Time  for  Very  Large  Pressure  Waves 

To  maximize  the  flow  of  igniter  gases  through  the  charge,  rounds  were 
constructed  which  minimized  interior  boundaries  between  modules.  In  Series 
3  (Figure  9),  not  only  was  the  hole  of  the  endcap  on  Module  A  opened  from  22 
to  51  mm,  but  the  endcaps  on  Modules  B  and  A"  were  eliminated.  In  addition, 
the  holes  on  the  front  of  Modules  A  and  B  were  also  opened  up  to  51  mm.  The 
results  (Table  3)  indicate  a  more  uniform  ignition  of  the  propellant.  Peak 
pressure  was  about  the  same  as  in  the  baseline  <:*ries,  but  the  -AP^  was  much 
lower,  17  MPa  versus  46  MPa.  Velocity  and  ignition  delay  were  in  the  same 
range  as  the  baseline  series. 

In  an  effort  to  further  enhance  the  rapid  ignition  of  all  propellant 
grains  in  the  modular  charges,  NC  centercore  tubes  were  added  in  Series  4 
(Figure  9).  The  22-imn  hole  in  both  the  three  endcaps  and  the  front  of  the 
modules  was  maintained  so  as  to  hold  the  centercore  tubes  in  place.  To  have 
similar  axial  flow  of  igniter  gases  as  in  Series  3,  several  small  cutouts 
were  made  in  the  three  endcaps  and  the  fronts  of  Modules  A,  B  and  A".  The 
addition  of  the  centercore  tubes  not  only  changed  the  flow  characteristics 
of  the  ignition  gases  hut  somewhat  redistributed  the  propellant  in  relation 
to  both  the  charge  and  initial  combustion  gases.  There  was  no  improvement 
in  the  results  (Table  3)  of  this  configuration  over  that  of  Series  3.  The 
peak  pressure  at  288  MPa  was  slightly  higher  while  the  -AP^  of  14  MPa  was 
slightly  lower  than  in  Series  3.  Both  the  increase  in  pressure  and  the 
lower  -AP^  resulted  in  a  higher  muzzle  velocity  for  Series  4  of  698  m/s. 

In  Series  5  (Figure  9),  the  charge  design  was  a  further  modification  of 
Series  3.  Endcaps  with  51-mm  rather  than  22-mm  holes  were  on  each  of  the 
modules.  The  holes  in  the  front  of  Modules  A  and  B  were  also  opened  up  from 
22  to  51  mm.  A  layer  of  cloth  was  placed  over  each  of  these  holes  to  keep 
propellant  from  moving  between  modules.  To  increase  radial  flow  of  igniter 
gases  into  the  charge,  vent  holes  5.6  mm  in  diameter  were  placed  in  oach  of 
the  modules.  Fifty  holes  in  Modules  A  and  A",  and  40  holes  in  Module  B  were 
symmetrically  placed  around  the  cylindrical  walls.  The  results  (Table  3), 
when  compared  with  the  baseline  series,  show  no  change  in  peak  pressure  (277 
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TABLE  3. 

FIRING  RESULTS  FOR  IGNITION  VARIATIONS /GRANULAR  PROPELLANT* 

(CON'T) 

Series 

No. 

Charge  Variations 

Spindle 

Pressure 

(MPa) 

-AP 

(MPa) 

Velocity 

(m/s) 

No. 

Rds. 

Ign. 

Del. 

(ms) 

6. 

CBI  basepad  on  Module  A/ 

281 

10 

694 

1 

45 

Endcaps  and  fronts  of  Mod¬ 
ules  A  and  B  both  have  150 
holes  (5.6-mm  diam)  and 
standard  22-mm  hole/  Vent 
holes  (5.6-mm  diara)  put  In 
Modules  A  and  A"  (50  holes) 
and  in  Module  B  (40  holes) 

7.  Similar  to  Series  6  279  16  694  1  40 

except  the  holes  in 
sides,  fronts,  and  end- 
caps  are  2.8-mm  diara 

*Standard  deviations  are  given  in  parentheses  for  series  with  3  or  more 
rounds. 
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Figure  10.  Spindle  and  Forward  Chamber  Pressure  and  Pressure  Difference 
versus  Time  for  Large  Pressure  Waves 
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TABLE  3.  FIRING  RESULTS  FOR  IGNITION  VARIATIONS/GRANULAR 

PROPELLANT* 

Series 

Charge  Variations 

Spindle 

No. 

Ign. 

No. 

Pressure 

-AP 

Velocity  Rds. 

Del. 

* 

(MPa) 

(MPa) 

(m/s) 

(ms) 

9 

y. 

1. 

CBI  basepad  on  Module  A/ 

279 

46 

686 

4 

28 

Hole  in  endcap  of  Module 

(5.3) 

(5.5) 

(0.8) 

(1.9) 

.  y  ■ 

A  opened  from  22  to  51  mm/ 
Modules  A,  B,  and  A"  and 

Endcaps  B  and  A"  unmodified 

9 

(Baseline  Series) 

2. 

Three  CBI  basepads  -  one 
each  at  base  of  Modules  of 
A,  B,  and  A''/  Hole  in  end- 

402 

115 

717 

1 

25 

ft 

caps  A,  B,  and  A"  opened 
from  22  to  51  mm 

9 

3. 

CBI  basepad  and  one  endcap 

282 

17 

690 

3 

31 

on  Module  A /  No  endcaps 
on  Modules  B  and  A''/  Holes 

(1.0) 

(5.1) 

(1.5) 

(3.1) 

* 

4 

In  endcap  of  Module  A  and 
front  of  Modules  A  and 

B  opened  from  22  to  51  mm 

9 

4. 

CBI  basepad  on  Module  A/ 
F.ndcaps  and  fronts  of 

288 

(2.6) 

14 

(8.4) 

698 

(0.6) 

3 

32 

( n  c*\ 

vu*  o ; 

> 

» 

.1 

modules  had  22-mtn  hole 
unmodified  to  support 
centercore  tubes/ 

Cutouts  on  endcaps  and 
fronts  of  Modules  A,  B  and 
A"  to  mimic  51-mm  hole 

i n  Series  1 ,  2 ,  and  3 

5. 

CBI  basepad  on  Module  A/ 

277 

8 

693 

3 

34 

- 

* 

Holes  of  endcaps  on 

Modules  A,  B,  and  A" 
opened  from  22  to  51  mm/ 
Holes  of  fronts  of  Modules 
A  and  B  opened  from  22  to 
51  mm/  Vent  holes  (5.6-tmn 
diam)  put  in  Modules  A  and 
A"  (50  holes)  and  in 

Module  B  (40  holes) 

(2.5) 

(3.5) 

(1.7) 

(2.0) 

•  1 

- 

- 

*Standa 

rd  deviations  are  given  in  parenthesis  for 

series 

with  3 

or  more 

•  . 

rounds. 

» 
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figure  y.  Charge/Chamber  Configuration  for  Modular  Case/C.ranular 
Propellant  with  Ignition  Variations 


In  Inventory  was  some  1.14-mm  web  Ml  MP  propellant  which  was  calculated 
to  give  a  peak  pressure  substantially  less  than  the  0.91-mm  web  M1MP. 
Since  peak  pressure  and  perhaps  the  level  of  pressure  waves  would  be  lower, 
and  thus  less  threatening  to  the  integrity  of  the  gun,  this  propellant  was 
selected  as  the  candidate  propellant  pending  outcome  of  the  initial  firing 
tests. 

B.  Modular  Case/Granular  Propellant 

1 .  Baseline  Series/Granular  Propellant.  To  fabricate  the  baseline 
series,  two  of  the  long  A  modules  were  each  loaded  with  2.9  kg  of 
propellant  and  one  of  the  short  B  modules  was  loaded  with  2.0  kg  of 
propellant.  Endcaps  were  placed  on  all  three  containers  before  they  were 
fitted  together  into  a  charge  consisting  of  Basepad/ Module  A/Module 
B/Module  A".  Although  modules  A  and  A"  were  identical,  the  module  at  the 
front  of  the  charge  will  be  referred  to  as  A"  and  the  module  next  to  the 
basepad  as  A.  The  total  weight  of  the  charge  was  7.8  kg  of  the  1.14-mtn 
web,  Ml  MP  propellant,  85  g  Clean  Burning  Igniter  (CBI)  in  a  basepad,  and 
approximately  0.84-kg  Type-1,  NC  container.  The  hole  in  the  endcap  between 
the  basepad  and  Module  A  was  opened  up  from  22  to  51  mm  to  enhance  igniter 
gas  flow  through  the  charge.  Standoff  for  all  four  charges  in  Series  1  was 
25  mm  (Figure  9).  The  results  from  this  baseline  series  are  given  in  the 
first  entry  in  Table  3.  The  peak  pressure  of  279  MPa  and  -AP  of  46  MPa 
were  well  within  the  acceptable  limits  of  gun  safety  for  continuation  of 
further  tests  with  this  propellant.  Typical  plots  of  spindle  and  forward 
chamber  pressure  and  pressure  difference  versus  time  for  large  pressure 
waves  (20  to  60  MPa)  are  shown  in  Figure  10.  Coil  velocity  and  ignition 
delay  were  686  m/s  and  28  ms,  respectively. 

2.  Ignition  Variations/Granular  Propellant.  Limited  availability  of 
Type-1  NC  modular  components  required  limiting  series  size  to  three  rounds. 
For  three  of  the  six  ignition  variations,  only  one  round  was  fired,  either 
to  simply  establish  a  trend  or  because  of  gun  safety  considerations. 


Series  2  fabrication  (Figure  9)  paralleled  that  of  Series  1  except 
that  three  basepads  were  used  instead  of  one.  The  three  basepads,  one  each 
at  the  base  of  Modules  A,  B,  and  A" ,  were  all  on  the  outside  of  the  module 
with  the  base  endcap  located  between  basepad  and  propellant.  The  opening 
in  the  Series  2  endcaps  all  were  enlarged  to  51  mm.  Thus,  the  charge 
consisted  of  Basepad/Module  A/Basepad/Module  B/Basepad/Module  A”.  Again, 
the  charge  standoff  was  25mm.  Propellant  was  restrained  in  each  module  by 
placing  a  thin  cloth  covering  over  the  vent  openings.  Results  were 
dramatically  different  from  Series  1.  Peak  pressure  and  -AP .  rose  from 
279  and  46  MPa,  respectively  to  402  and  115  MPa.  The  average  pressure 
difference  for  the  second  and  third  negative  excursions  were  97  and  43  MPa, 
respectively,  indicating  an  extremely  severe  pressure-wave  phenomenon. 
This  very  large  reverse  pressure  difference  (greater  than  60  M>a)  is  shown 
graphically  in  Figure  11.  The  effect  of  the  two  additional  basepads  behind 
Modules  B  and  A"  did  not  enhance  ignition  of  the  granular  propellant  in  all 
modules  as  intended,  but  rather  reinforced  the  vigorous,  localized  ignition 
of  the  cha  ge ,  perhaps  at  several  sites.  Firings  were  discontinued  after 
one  shot  since  both  peak  pressure  and  pressure-wave  levels  were  large 
enough  to  damage  the  tube  and/or  related  components.  All  further  testing 
was  done  using  one  basepad. 


to  by  a  substantial  increase  in  -AP. (Series  E)  which  was  accompanied  by  a 
slight  increase  in  peak  pressure.  since  this  large  -AP.  in  conjunction 
with  a  large  peak  pressure  posed  serious  safety  problems  ror  the  various 
parts  of  the  howitzer,  either  another  web  of  M1MP  or  another  type  of 
propellant  had  to  be  considered.  The  influence  of  case  confinement  on 
pressure-wave  formation  (Series  C  thru  E)  prompted  retesting  of  the  M31E1MP 
in  modular  containers  (Series  F).  Although  pressure  waves  were  present, 
their  feedback  into  peak  pressure  was  not  apparent  in  this  limited  testing. 


TABLE  2.  PRELIMINARY  FIRINGS  WITH  GRANULAR  PROPELLANTS* 


Charge 

Rationale 

Spindle 

Pressure 

(MPa) 

-AP 

(MPa) 

No. 

Rds. 

Series 

M31E1MP 

bagged 

charges 

Effect  of  7.8-kg 
propellant  on  pressure 
and  -AP^ 

132 

(1.3) 

0 

(0.0) 

4 

A 

M1MP 

bagged 

charges 

Effect  of  7.8-kg 
propellant  on  pressure 
and  -AP^ 

341 

(2.9) 

21 

(12.9) 

4 

B 

M1MP 

sub- 

caliber 

NC- 

sleeved 

cylinder 

Effect  of  7,8-kg 
propellant  on  pressure 
and  -AP  /  Effect  of  no 
axial  inhibition  of  gas 
flow,  radial  ullage 

379 

(2.9) 

14 

(5.6) 

4 

C 

M1MP 

full- 

bore 

NC- 

sleeved 

cylinder 

Effect  of  7,8-kg 
propellant  on  pressure 
and  -AP  /  Effect  of  no 
axial  inhibition  of  gas 
flow,  reduced  radial 
ullage 

381 

(7.2) 

26 

(10.3) 

3 

D 

M1MP 

full- 

bore 

modular 

case 

(Type  1) 

Effect  of  7.8-kg 
propellant  in  modular 
case  on  pressure  and 
— AP^y  Effect  of  fully 
combustible-cased 
packaging 

387 

50 

2 

E 

M3  IE  IMP 
full- 
bore 
modular 

case 
(Type  1) 

Effect  of  7.8-kg  propel¬ 
lant  in  modular  case 
on  pressure  and  -AP^/ 
Effect  of  fully  combus¬ 
tible-cased  packaging 

130 

(1.6) 

12 

(3.9) 

3 

F 

*Standard 

rounds 

deviations  are  given  in 

parentheses 

for  series 

with  3 

or  more 

TABLE  1.  GRANULAR  MULTI-PERFORATED  PROPELLANT  AVAILABLE  FOR  TESTS 


Propellant 

Web 

(mm) 

Length 

(mm) 

Diameter 

(mm) 

Diameter  Perf 
(mm) 

MlSP 

0.33 

4.04 

1.75 

0.10 

M1MP 

0.91 

11.20 

4.83 

0.38 

M31E1MP 

1.52 

20.20 

8.15 

0.69 

M1MP 

1.14 

13.49 

5.92 

0.43 

Interior  ballistic  calculations  for  each  of  these  available  granular 
propellant  charges  were  performed  using  an  updated  version  of  the  Baer- 
Frankle  lumped  parameter  code.  The  calculation  for  7.8  kg  of  MlSP 

propellant  indicated  that  it  would  give  pressures  too  high  for  reasonable 
safety.  Charges  with  two  different  webs  of  M1MP  and  one  web  of  M31E1MP 
were  predicted  to  give  a  wide  range  of  peak  pressures  well  within  the 
safety  limits  of  the  gun,  and  thus  were  selected  for  initial  testing. 

Pertinent  data  from  the  initial  tests  with  M1MP  (0.91-mm  web)  and  M31EIMP 
(1.52-mm  web)  are  listed  in  Table  2  along  with  a  rationale  for  each 
particular  test. 

Although  the  M31E1MP  would  have  brought  a  continuity  of  propellant 
formulation  to  the  program  in  going  from  initial  tests  with  granular 
propellant  to  final  tests  with  stick  propellant,  the  web  of  the  readily 
available  M31E1MP  granular  propellant  was  too  large  as  reflected  by  the 

peak  pressure  (Series  A).  The  M1MP  seemed  promising  since  both  the  peak 
pressure  and  the  pressure  difference  were  at  acceptable  levels  for 
manipulating  conditions  within  both  the  charge  and  charge/chamber  interface 
(Series  B). 

Since  rigid,  NC-cased  modules  loaded  with  granular  propellant  might 

alter  peak  pressure  and  -APf,  an  increasingly  more  stringent  set  of  NC-case- 
confinement  conditions  was  imposed  on  the  propellant.  The  initial  change 
from  bag  to  NC-cylinder  confinement  with  no  change  in  sxial  or  radial 

charge /chamber  configuration,  but  with  some  change  in  radial  flow  of 
initial  combustion  gases  because  of  the  difference  in  bag  versus  case 
permeability,  increased  peak  pressure  while  reducing  -AP  (Series  C).  When 
radial  ullage  was  reduced  by  increasing  the  NC  cylinder  diameter  to 
approximately  that  of  the  modular  cases  to  be  used  later  in  the  program, 
the  peak  pressure  remained  unchanged,  but  the  level  of  -AP^  rose 
substantially  (Series  D),  surpassing  that  of  the  bag  charges  (Series  B). 
When  modular  charges  with  front  and  rear  NC  surfaces  were  used  in  place  of 
NC-sleeved  cylinders,  the  passage  of  igniter  and  initial  combustion  gases 
through  the  granular  bed  of  propellant  was  further  restricted  as  attested 
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Figure  7.  NC  Container,  Type  2 


Figure  8.  NC  Container,  Type  1 


III.  RESULTS 

Preliminary  firings  were  done  with  the  Type-1,  NC  modules^1  and 
several  granular  propellant  formulations  and  webs  under  consideration  for 
testing.  After  selection  of  the  baseline  granular  propellant,  variations 
in  cliarge/chamber  interface,  ullage  distribution,  ignition  intensity,  etc., 
were  made  in  both  the  granular  and  the  follow-on  stick  propellants  to 
ascertain  the  extent  to  which  they  influenced  pressure-wave  formation  as 
indicated  by  the  initial  reverse  pressure  gradients,  -AP .  .  Additional 
tests  on  the  more  interesting  cases,  as  determined  from  t^e  gun  firings, 
were  repeated  in  the  155-mm  howitzer  simulator. 

A .  Preliminary  Firings  for  Selection  of  Granular  Propellant 

The  modular,  Zone-3  charge  used  for  all  these  tests  contained  7.8  kg 
o!  propellant,  a  substantial  increase  in  propellant  weight  over  our 
previous  work  on  multizone  combustion  phenomena.  To  ascertain  the 

interactive  affects  of  different  propellant  weights  and  types  with 
different  packaging  configurations,  several  granular  propellant 
formulations,  locally  available,  were  used  for  initial  testing  while 
awaiting  the  fabrication  of  the  M31K1  si  ot ted-s t ick  propellant.  Their 
physical  characteristics  are  shown  in  Table  1. 
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velocities  required  for  the  155-mm,  M198  and  M109A2/A3  Howitzers.  The 
charge  is  built  from  two  comhustible-cased  increments,  one  with  a 
propellant  weight  of  2.9  kg  (Module  A)  and  the  other  with  a  weight  of  2.0 
kg  (Module  B).  The  1.3-mm  web,  slotted-stick  propellant  consisted  of  two 
different  lengths,  24  cm  for  the  Module  .  and  17  cm  for  the  Module  B 
units.  For  our  tests,  the  24-cm  and  17-cm  long  stick  propellants  were 
reduced  in  length  to  23  cm  and  16  cm,  respectively,  so  that  the  module 
endcaps  could  be  firmly  snapped  in  place.  In  this  concept,  the  two  basic 
increments,  one  27-cm  long,  the  other  21-cm  long  both  being  15  cm  in 
diameter  and  having  wall  thicknesses  of  3  mm,  would  be  added  together  to 
obtain  the  required  velocities  rather  than  discarding  increments  as  is  done 
with  the  present  standard,  bagged,  multizone  charge.  The  propelling  charge 
may  be  fired  as  a  Zone  1  (Module  A),  a  Zone  2  (Modules  A  and  B),  or  a  Zone 
3  (Modules  A,  B,  and  A).  A  photograph  of  the  granular  M1MP  and  the 
slotted-stick  M31E1  propellants  used  for  these  tests  is  shown  in  Figure 
6.  Copies  of  the  Propellant  Description  Sheets  for  these  propellants  are 
given  in  Appendix  A. 


Figure  6.  Granular  Propellant,  M1MP,  and  Slotted-Stick 
Propellant,  M31E1 

Two  types  of  nitrocellulose  (NC)  modules  were  used  for  the  tests.  The 
present  version  (Type  2)  is  a  molded  NC  cylindrical  container  (72-percent 
NC)  open  at  one  end  to  allow  for  loading  of  propellant.  An  unvented  endcap 
fits  snugly  into  the  open  end  of  the  cylinder.  This  version,  shown  in 
Figure  7,  was  used  for  all  testa  with  stick  propellant.  The  previous 
version  (Type  1),  shown  in  Figure  8,  was  a  molded  NC  cylindrical  container 
(55-percent  NC)  which  had  a  22-mm  vent  hole  in  both  the  base  of  the 
cylinder  and  in  the  endcap.  Extensions  were  structurally  designed  into 
both  the  base  and  endcap  to  allow  for  the  placement  of  an  NC  centercore 
tube.  When  the  tube  was  not  used,  a  thin  cloth  covering  was  placed  over 
the  fore  and  aft  holes  to  contain  the  propellant.  Since  this  early  version 
was  readily  available,  it  was  used  for  all  tests  with  granular  propellant 
while  awaiting  the  manufacture  and  shipment  of  both  the  modular  containers 
and  M31E1  slotted-stick  propellant.  Depending  on  the  test  condition, 
modifications  were  made  to  the  NC  modular  structure  and/or  the 
charge/chamber  interface.  The  modular  NC  containers  were  purchased  from 
the  EFMC  Corporation,  CA.  The  stick  propellant  was  purchased  under 

contract  from  Radford  Army  Ammunition  Plant,  Radford,  VA,  whereas  the  M1MP 
was  obtained  on  post  from  available  lots  at  Aberdeen  Proving  Ground,  MD. 
All  charges  were  conditioned  at  63°C  for  at  least  24  hours  prior  to  firing. 


was  obtained  from  an  M52A3B1  electric  detonating  cap.  The  rapid  and 
reproducible  functioning  of  the  M52A3B1  enabled  instrumentation  to  be 
accurately  timed  by  this  firing  system.  After  the  M52A3B1  cap  was 
detonated,  there  was  approximately  a  l-ms  delay  until  the  M82  primer 
lunctioned.  An  M158  recoil  mechanism  in  conjunction  with  the  upper 

carriage  from  a  155-mm,  M59  gun  was  used  to  mount  the  APG  Medium  B  Sleigh 
which  housed  the  155-mm,  M199  Cannon.  All  tests  with  this  system  were  done 
at  the  Sandy  Point  Firing  Facility  (Range  18)  located  at  the  Ballistic 
Research  Laboratory. 

B.  Instrumentation 


Instrumentation  on  all  tests  consisted  of  six  Kistler  607C 
piezoelectric  pressure  transducers  housed  in  the  gun  chamber:  two  each, 

side-by-side  in  the  spindle;  two  each,  180  degrees  apart  at  mid  chamber; 
and  two  each,  30  degrees  apart  at  a  forward  chamber  location  (Figure  5). 
These  six  gages  were  sufficient  to  yield  a  measure  of  the  pressure  profile 
in  the  chamber.  By  differencing  either  of  the  spindle  and  forward-chamber 
gages  (P1-P5,  P1-P6,  P2-P5,  P2-P6),  the  initial  negative  pressure 
difference,  -AP  ,  was  determined.  Projectile  velocity  was  calculated  using 
the  distance  between  and  the  projectile  arrival  times  at  two  solenoid  coils 
located  approximately  20  and  35  meters,  respectively,  forward  of  the  gun 
muzzle.  Ignition  delay  was  defined  as  the  time  interval  between  the  firing 
pulse  and  a  spindle  pressure  of  7  MPa. 

Generally,  the  data  were  recorded  in  real  time  by  the  Ballistic  Data 
Acquisition  System  under  the  control  of  a  PDP  11/45  mini-computer.  If  the 
data  were  not  recorded  on-line  because  of  an  unusually  long  ignition  delay 
or  a  computer  malfunction,  they  were  later  digitized  from  an  analog 
recording  made  of  each  test  firing. 


Figure  5.  Locations  of  Pressure  Transducers  in  M199  Chamber 
C.  Firing  Components 

M549A1  Projectiles  from  Lot  10878E001S066 ,  inert  loaded  with  wax  to 
43.6  kg,  were  used  for  all  tests.  Projectile  weight  and  rotating  band 
condition  (burrs,  indentations,  etc.)  were  ascertained  prior  to  loading 
into  the  howitzer;  projectile  seating  distance  was  measured  prior  to 
loading  the  propelling  charge. 


The  XM216  Propelling  Charge,  a  version  of  which  is  shown  in  Figure  3, 
is  currently  under  development  by  the  Large  Caliber  Weapon  Systems 
Laboratory  to  serve  as  the  next-generation  zoning  solution  for  the  midrange 


charge.  The  total  weight  of  the  charge  was  7.8  kg  of  propellant,  85  g  of 
CBI  igniter,  and  approximately  0.84  kg  of  Type-2,  NC  container.  Standoff 
for  the  three  rounds  in  the  series  was  2.5  cm.  Combustion  irregularities 
were  almost  nonexistent  as  attested  by  the  small  -AP^  of  2  MPa  (Table  5). 
both  spindle  and  forward  chamber  pressure  traces  were  smooth  with  only  a 
slight  pressure-wave  undulation  superimposed  on  the  pressure.  Coil  velocity 
for  the  series  was  699  m/s.  Ignition  delay  at  40  ms  was  slightly  larger 
than  for  the  baseline  series  with  granular  propellant. 

Since  pressure-wave  phenomena  were  almost  nonexistent,  modifications  to 
the  modules  as  in  the  earlier  tests  with  granular  propellant  to  change  the 
flow  of  igniter  and  early  combustion  gases  into  the  charge  were  deemed  not 
necessary.  Therefore,  ullage  rather  than  igniter  variations  were  examined 
first  to  see  if  pressure-wave  phenomena  of  a  serious  nature  could  be 
induced. 

2.  Ullage  Variations/Stick  Propellant.  Variations  in  charge/chamber 
configuration  were  limited  because  the  charge  was  radially  almost  as  large 
as  the  chamber  (14.7  cm  versus  16.5  cm  for  the  chamber),  and  axially  only 
13.6  cm  shorter  than  the  chamber.  Within  these  limited  confines,  three 
additional  series  were  tested. 

Series  2  was  fabricated  exactly  like  the  baseline  series.  The  charge 
was  positioned  at  maximum  (13.6-cm)  rather  than  standard  (2.5-cm)  standoff 
(Figure  15).  Firing  results  are  shown  in  Table  5.  Both  peak  pressure 
and  -AP^ increased  substantially  from  the  baseline  series.  Spindle  pressure 
and  -AP ^  were,  respectively,  276  and  12  MPa.  Although  there  was  a  six-fold 
increase  in  -AP^  it  was  still  low  in  relation  to  those  encountered  with 

granular  propellants.  The  Increase  in  peak  pressure  was  manifested  also  in 
a  coll  velocity  of  704  m/s,  which  was  considerably  higher  than  Series  1. 
Ignition  delay  at  46  ms  was  about  the  same  as  the  baseline  series. 

For  Series  3,  the  modules  were  spaced  in  the  chamber  so  that  Module  A 

was  at  2.5-cm  standoff,  Module  B  was  approximately  6  cm  forward  of  Module  A, 

and  Module  A"  was  6  cm  forward  of  Module  B,  just  touching  the  base  of  the 
projectile.  There  were  no  spacers  between  the  three  modules  to  prevent 
movement  after  initial  ignition  of  the  charge  (Figure  15).  Results  (Table 
5)  were  essentially  midway  between  Series  1  and  2  with  a  peak  pressure 
and  -AP.  ,  respectively,  of  266  and  8  MPa.  Again,  slight  changes  in  the 

charge/  chamber  configuration  made  noticeable  changes  In  the  combustion 
characteristics  of  the  charge.  Coil  velocity  and  ignition  delay  were  695 
m/s  and  43  ms,  respectively. 

To  ascertain  whether  initial  increment  placement  rather  than  increment 
movement  could  induce  large  pressure  waves,  a  slight  variation  on  Series  3 
was  made.  Series  4  was  similar  to  Series  3,  except  that  6-cm  long, 

cardboard  spacers  were  inserted  between  Modules  A  and  B  and  between  Modules 
R  and  A"  to  impede  Increment  movement  after  initial  ignition  of  the  charge 
(Figure  15).  Results,  which  are  listed  in  Table  5,  indicate  that  pressure, 
velocity,  and  ignition  delay  were  essentially  the  same  as  Series  3. 
The  -A  P^  was  reduced  somewhat  from  8  MPa  in  Series  3  to  5  MPa  in  this 
series.  The  lower  standard  deviation  on  all  variables  except  ignition  delay 
may  be  an  indication  of  slightly  more  stability  for  the  restricted  modules 
over  the  unrestricted  ones. 


TABLE  5.  FIRING  RESULTS  FOR  ULLAGE  VARIATIONS/STICK  PROPELLANT* 


Series 

No. 

Charge  Variations 

Spindle 

Pressure 

(MPa) 

-AP 

(MPa) 

Velocity 

(m/s) 

No. 

Rds. 

Ign. 

Del. 

(ms) 

1. 

CBI  basepad  on  Module  A/ 
Endcaps  on  Modules  A,  B, 
and  A"/  2.5-cm  standoff/ 
Baseline  Series 

260 

(3.8) 

2 

(1.0) 

699 

(2.1) 

3 

40 

(5.5) 

2. 

Charge  configuration  same 
as  Series  1/  Charge  at 
maximum  standoff  (13.6  cm) 

276 

(7.0) 

12 

(3.6) 

704 

(3.1) 

3 

46 

(4.0) 

3. 

Module  loading  same  as 
Series  1/  Modules 
separated  by  5  cm/  Module 

A  at  2-cm  standoff/  Module 
A"  touching  base  of 
project l le 

266 

(8.5) 

8 

(3.8) 

695 

(10.4) 

3 

43 

(1.5) 

4. 

Charge  configuration  same 
as  Series  3/  Cardboard 

268 

(1.5) 

5 

(1.7) 

698 

(2.9) 

3 

38 

(5.5) 

spacers  used  Co  keep 
modules  separated 

Standard  deviations  are  given  in  parentheses  for  series  with  3  or  more 
rounds 


3.  Ignition  Variations/Stick  Propellant.  Five  basepad  variations 

were  tested  to  determine  the  effect  of  initial  ignition  stimulus  on  charge 
performance.  The  intent  was  to  dramatically  change  the  ignition 

characteristic  of  the  charge  so  as  to  induce,  if  possible,  Ignition 

variations  leading  to  pressure-wave  formation. 

Series  5  (Figure  16)  was  fabricated  exactly  like  the  baseline  series 
except  that  the  basepad  was  85  g  of  Class  I  Black  Powder  Instead  of  CBI. 

Charge  standoff  was  2.5  cm.  The  results  are  shown  in  Table  n.  Peak 

pressure  at  268  MPa,  -AP  at  2  MPa  and  coil  velocity  at  69  7  m/s,  were 

essentially  the  same  as  the  baseline  series.  As  expected,  ignition  delay 
was  reduced  substantially  over  the  baseline  series. 

To  create  a  more  brlsant  ignition  source,  85  g  of  Class  5  Black  Powder 
was  used  in  Series  6.  All  other  characterise! cs  of  the  system  were  the  same 
as  in  Series  5  (Figure  16).  Peak  pressure  and  velocity  were  about  the  same 

as  in  Series  5  (Table  6).  Although  -AP^  at  7  MPa  was  threefold  higher  than 

Series  5,  it  was  still  much  lower  than  that  observed  with  most  of  the 
granular  charges.  The  ignition  delay  of  16  ms  was  the  lowest  observed  for 
any  series  tested  in  tills  project. 

With  the  advent  of  modular  charges  that  are  to  be  loaded  into  howitzers 
by  automatic  mechanisms,  the  possibility  exists  that  modules  could  be 


29 


mis  loaded  with  the  basepad  at  a  mid-  or  forward-chamber  position  or  possibly 
not  in  the  system  at  all.  To  ascertain  the  effects  on  ignition  and 
combustion  of  charges  with  no  basepad.  Series  7  was  constructed  exactly  as 
Series  5  except  that  the  basepad  was  eliminated  (Figure  16).  Results,  as 
shown  in  Table  6  indicate  no  change  in  peak  pressure  or  velocity.  The 
initial  reverse  pressure  gradient  at  1  MPa  was  reduced  twofold  over  Series 
5;  sevenfold  over  Series  6  and,  thus,  was  one  of  the  lowest  recorded  for  any 
series  tested  in  this  project.  As  expected,  the  ignition  delay  increased 
substantially  to  200  ms. 


TABLE  6.  FIRING  RESULTS  FOR  IGNITION  VARIATIONS /STICK  PROPELLANT* 


Series 

No. 

Charge  Variations 

Spi ndle 

Pressure 

(MPa) 

-AP 

(MPa) 

Velocity 

(m/s) 

No. 

Rds. 

Ign. 

Del. 

(ms) 

l 

5. 

Class  1  Black  Powder 
basepad  on  Modules  A/ 
Endcaps  on  Modules  A,  B, 
and  A"/  2.5-cm  standoff 

268 

(5.5) 

2 

(0.6) 

697 

(1.5) 

3 

29 

(3.1) 

1 

6. 

Charge  configuration  same 
as  Series  5/Class  5  Black 
Powder  basepad 

266 

(7.2) 

7 

(5.1) 

698 

(2.9) 

3 

16 

(1.5) 

7. 

Charge  configuration  same 
as  Series  5/  No  basepad 

266 

(3.2) 

1 

(2.3) 

698 

(3.8) 

3 

200 

(57.1) 

i 

8. 

Charge  configuration  same 
as  Series  1  except  CBI 
basepad  on  front  of 

Module  A" 

275 

0 

706 

1 

342 

■ 

9. 

Three  CBI  basepads  -  one 
each  at  base  of  Modules 

A,  B,  and  A"/  Modules  and 
endcaps  unmodified 

259 

(6.8) 

4 

(3.2) 

704 

(3.6) 

3 

38 

(7.2) 

B 

10. 

CBI  basepad  on  Module  A/  264* ** 

No  endcap  on  Module  A,  B, 
and  A"/  Fronts  of  Modules 

A,  B,  and  A"  opened  up  with 

1 l-cm  hole 

2** 

698** 

2 

32** 

11. 

No  NC  module/  Stick 

232** 

0** 

670** 

2 

66** 

Propellant  tied  in 
bundles/  CBI  basepad 

*Standard  deviations  are  given  in  parentheses  for  series  with  3  or  more 
rounds 

**Average  of  two  rounds 
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The  single  firing  for  Series  8  depicts  the  effect  of  having  the  CBI 

basepad  at  the  front  of  the  charge.  Pressure  and  velocity  at  275  MPa  and 
706  m/s,  respectively,  were  similar  to  Series  2  where  the  charge  was  at 
maximum  standoff.  Unlike  Series  2,  - AP^  did  not  increase  but  was  0  MPa. 
Ignition  delay  at  342  ms  was  the  longest  for  any  series  fired  even 

surpassing  that  of  Series  7  where  no  basepad  was  used.  Series  9  shows  the 

opposite  extreme  from  Series  7  wherein  3  basepads,  one  each  at  the  base  of 
Modules  A,  B,  and  A",  were  loaded  into  the  howitzer  (Figure  16).  The 
results  (Table  6)  of  this  test,  simulating  another  case  of  mlsloading  the 
howitzer,  again  suggest  a  very  safe  and  forgiving  charge.  Pressure, 
ignition  delay  and  -AP,  at  259  MPa,  38  ms  and  4  MPa,  respectively,  were 

similar  to  Series  l,  tne  baseline  configuration.  Velocity  at  704  m/s  was  5 
m/s  higher  than  the  baseline  series  thus  being  more  comparable  to  Series  2 
(charge  at  maximum  standoff)  and  Series  8  (CBI  basepad  in  front  of  Module 
A"). 


As  suggested  by  the  very  low  -AP^  for  all  of  the  series  tested,  near 
simultaneous  ignition  of  the  stick  propellant  charges  appears  to  be 
occurring  even  though  the  propellant  is  packaged  in  unvented  NC  modules.  In 
Series  10,  rapid  axial  flow  of  igniter  gases  over  the  propellant  sticks  was 
enhanced  by  eliminating  both  the  endcaps  and  opening  up  the  fronts  of 
Modules  A,  B,  and  A"  with  an  1 1-cm  hole  (Figure  16).  These  results  (Tahle 
6),  when  compared  to  those  from  Series  1,  suggest  that  the  effects  of  axial 
confinement  preventing  rapid  flow  of  igniter  gases  into  a  stick  propellant 
charge  that  Is  not  tightly  constrained  within  the  NC  tube  are  minimal.  When 
the  NC  container  was  completely  eliminated  (Series  11,  Figure  16)  the 
reduced  energy  of  the  system  in  conjunction  with  a  slightly  larger  free 
volume  reduced,  substantially,  the  peak  pressure  and  thus  the  velocity 
(Table  6),  a  result  corroborated  by  lumped-parameter  interior  ballistic 
calculations.  Ignition  delay  increased  30  percent  over  the  baseline  series 
to  66  ms.  Not  only  were  pressure-wave  phenomena  nonexistent,  the  pressure¬ 
time  profile  was  the  smoothest  for  any  series  fired.  Apparently,  even  to 
generate  the  small  pressure  waves  noted  in  most  of  the  series,  the  stick 
propellant  has  to  either  be  confined  in  the  NC  module  or  tightly  constrained 
in  bundles  thus  reducing  the  radial  flow  of  igniter  gases  through  the 
charge.  Neither  condition  was  present  for  the  two  rounds  in  Series  11. 

n.  155-mm  Howitzer  Simulator  Tests 


The  apparatus  used  to  conduct  a  variety  of  studies  at  the  BRL  of  the 
detailed  phenomenology  of  propelling  charges  is  shown  in  Figure  17.  The 
massive  mount,  constructed  of  armor  plate,  accepts  either  plastic  chambers 
or  axially  reinforced,  filament-wound  fiberglass  chambers.  The  plastic 
chambers  used  were  commercially  available  cast  acrylic  tubing  with  inner  and 
outer  diameters  of  165  mm  and  191  mra,  respectively.  Although  the  clear 
plastic  fractures  at  significantly  lower  pressures  than  the  fiberglass 
chambers,  they  offer  a  much  better  view  of  the  events  transpiring  within, 
and  thus  were  used  for  this  study.  The  muzzle  end  of  the  chamber  was  closed 
by  a  projectile  seated  in  a  section  of  gun  tube  machined  to  the  dimensions 
of  the  M199  Cannon.  The  breech  end  of  the  chamber  was  closed  by  a  spindle 
similar  to  the  mushroom  configuration  of  the  M185  Cannon  with  the  centrally 
venting  primer  spithole.  The  spindle  accepted  three  piezoelectric  pressure 
transducers.  An  Instrumented  projectile  permitted  gas  pressure,  total 
force,  and  acceleration  measurements  to  be  made  at  the  projectile  base. 
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Figure  17.  I55-mm  Howitzer  Simulator,  Plastic  Chamber 

Photographic  data  were  recorded  with  a  high-speed  16-mm  camera.  Data 
were  recorded  at  a  framing  rate  of  approximately  5000  pictures  per  second. 
A  one-kHz  timing  signal  was  placed  on  the  film  by  electronics  internal  to 
the  camera,  and  the  firing  fiducial  (time  at  which  the  firing  voltage  was 
applied  to  the  gun)  was  also  placed  on  the  films  to  aid  in  correlation  of 

the  film  data  with  other  data. 

Flash  X-rays  were  used  on  these  tests  to  monitor  the  movement  of  the 
solid  phase.  For  one  shot,  a  total  of  four,  300-kV  X-ray  heads  was  used, 
two  at  one  axial  location,  separated  by  approximately  twenty  degrees  (see 
Figure  18),  and  another  two  at  a  further  axial  location,  similarly 
separated,  to  cover  the  length  of  the  tube.  The  overlapping  images  from  the 
two  sets  of  heads  were  rec  rded  on  a  single  sheet  of  film,  yet  it  was 
possible  to  determine  the  X-ray  source  of  each  image.  One  image  was  created 
by  X-rays  triggered  at  a  predetermined  spindle  pressure,  and  the  second 

image  was  made  by  the  X-ray  heads  triggered  at  a  predetermined  time  delay 
after  the  first.  For  the  stick-propellant  test,  only  one  image  was  recorded 
using  two  X-ray  heads  to  improve  the  clarity  of  the  radiograph.  The 

radiographs  were  recorded  on  Kodak  XR-5  film  using  Dupont  Lightning  Plus 
intensifier  screens.  The  film  was  protected  from  the  blast  of  the 

disposable  chamber  by  a  wooden  cassette,  with  the  forward  face  composed  of 
layers  of  air  spaces  and  sacrificial  wooden  plates. 

The  two  charges  selected  for  testing  in  the  fixture  were  the  baseline 
configurations  for  both  the  modu 1 ar /granu 1 ar  (Series  1,  Table  3)  and 
modular/stick  (Series  1,  Table  rO  propellants.  These  charges  represented  a 
tenfold  variation  in  -AP  .  and  a  threefold  variation  in  ignition  delay.  An 
overview  of  the  data  is  presented  below. 


Data  were  obtained  for  the  granular-propellant  charge  up  to  a  spindle 
pressure  of  17  MPa.  The  high-speed  film  showed  the  functioning  of  the  M82 
Primer  at  about  1.5  ms  after  application  of  the  firing  voltage.  At  2  ms, 
the  rear  ullage  was  full  of  flame.  By  5  ms,  a  luminous  front  traversed  the 
length  of  the  chamber  in  the  top  annular  ullage,  and  was  then  reflected 


toward  the  spindle.  After  arrival  of  this  reflection  in  the  spindle  region, 
all  luminosity  disappeared,  and  several  oscillations  of  smoke  in  the  annular 
ullage  were  seen.  The  chamber  remained  dark  until  after  50  ms,  but  by  55  ms 
there  was  a  very  bright  luminosity  at  the  spindle  end  of  the  charge.  At  58 
ms,  a  plume  of  flame  escaped  from  the  front  of  the  charge  in  the  area  of  the 
hole  in  the  forward  end  of  Module  A".  The  luminosity  increased  such  that  it 
was  very  intense  at  both  ends  of  the  chamber  at  60  ms ,  and  the  flame  started 
moving  into  the  annular  ullage  from  the  rear  of  the  charge  at  about  61  ms. 
The  flame  then  continued  to  fill  the  chamber  until  the  plastic  tube 
ruptured,  without  any  obvious  indication  of  combustible  case  fracture  or 
substantial  movement  of  the  charge.  The  flash  X-ray  recorded  at  about  4  MPa 
showed  that  the  charge  had  moved  forward  approximately  50  mm.  The  rear  of 
the  charge  was  lifted  off  the  bottom  of  the  chamber  so  that  it  touched  the 
top  of  the  chamber.  The  "A"  module  was  raised  slightly  off  the  bottom  of 
the  chamber.  The  granular  propellant  was  seen  to  fill  nearly  the  entire 
volume  of  the  modules,  and  the  walls  of  the  cases  appeared  to  be  intact, 
including  the  endcap  of  Module  A  which  was  next  to  the  basepad  igniter. 
There  were  no  obvious  traces  remaining  of  the  igniter  itself.  A  flash  X-ray 
recorded  at  a  pressure  of  approxiamtely  8  MPa  showed  the  same  features  as 
the  one  shot  at  4  MPa,  except  that  the  charge  had  moved  forward  an 
additional  5  ram. 


X-RAY  HEADS 


HIGH  SPEED 
CAMERA 


Figure  18.  System  for  Experiment  Control,  Data  Acquisition, 
and  Data  Reduction,  155-mm  Howitzer  Simulator 


Data  were  obtained  for  the  stick-propellant  charge  up  to  a  spindle 
pressure  of  16  MPa.  As  with  the  granular  charge,  the  high-speed  movie 
showed  the  functioning  of  the  primer,  ignition  of  the  basepad,  and  an 

oscillation  of  luminous  gases  in  the  annular  ullage,  at  about  the  same 
times.  However,  the  intensity  of  the  luminosity  of  the  combustion  of  the 
basepad  appeared  to  be  much  less  intense  than  with  the  previous  shot.  Again 
after  the  luminous  oscillation,  the  chamber  became  dark  with  only  smoke 
visible.  At  38  ms,  luminosity  appeared  at  the  spindle  and  front  of  the 

chamber,  without  traversing  the  annular  ullage  in  view  of  the  camera.  By  40 
ms,  the  flame  at  the  front  of  the  chamber  was  very  bright,  and  started 

moving  through  the  annular  ullage  toward  the  rear  of  the  chamber.  At  42  ms, 
the  rear  of  the  charge  was  lifted  from  the  bottom  of  the  chamber,  and  the 
top  casewall  of  Module  A  perhaps  was  ruptured.  By  44  ms,  luminous  gases 
were  swirling  into  the  annular  ullage  from  the  rear  of  the  charge,  and  it 
appeared  that  the  case  of  Module  B  perhaps  was  collapsed.  Just  prior  to 
failure  of  the  plastic  chamber,  it  appeared  that  the  casewall  of  Module  A 

was  blown  out  to  the  wall  of  the  chamber  through  the  top  annular  ullage. 
Also  prior  to  the  failure  of  the  chamber,  the  intense  luminosity  inside  the 
modules  illuminated  them  from  within,  and  though  propellant  grains  could  not 
be  seen,  the  reinforced  areas  of  the  modules  at  their  overlap  points  were 
readily  discernible.  Due  to  a  test  failure,  a  radiograph  was  not  recorded 
for  the  shot  just  described,  but  a  second  test  firing  of  an  identical  charge 
in  the  simulator  provided  a  flash  X-ray  recorded  at  about  7  MPa.  It  showed 
that  the  rear  of  the  charge  was  elevated  well  off  the  bottom  of  the  chamber 
and  the  forward  end  was  slightly  lifted.  The  charge  moved  axially  about  60 
mm  from  the  initial  loading  position.  The  top  of  the  case  of  Module  A  was 
pushed  out  into  the  annular  ullage,  the  case  of  Module  B  remained  intact, 
and  the  top  sidewall  of  Module  A"  was  collapsed  down  upon  the  stick- 
propellant  bed.  There  were  some  twists  of  either  propellant  or  case 
material  in  the  annular  ullage  in  the  region  of  the  juncture  of  Modules  B 
and  A".  The  endwall  of  Module  A,  initially  next  to  the  basepad,  was  not  in 
evidence . 

IV.  CONCLUSIONS 

In  this  study,  the  influence  of  charge  interzone  permeability, 
distribution  of  ullage,  charge  increment  movement,  igniter  brisance  and/or 
placement  on  the  formation  of  pressure  waves  for  modular  charges  employing 
both  granular  and  stick  propellant  was  investigated.  These  parameters  were 
noted  as  those  likely  to  cause  ignition  and  early  combustion  problems,  based 
on  our  previous  work  with  bagged,  multizone  configurations. 

Within  the  range  of  parameters  studied  and  sample  sizes  of  the  series, 
the  results  indicate  a  distinct  performance  difference  between  modular 
charges  employing  granular  and  stick  propellants.  The  modular  charges 
fabricated  with  granular  propellant,  regardless  of  the  charge/chamber 
configuration,  generally  gave  large  pressure-wave  levels.  Only  after 
extensive  modifications  to  the  modular  container  to  enhance  both  the  radial 
and  axial  flow  of  igniter  gases  into  the  body  of  the  granular-propellant  bed 
did  the  level  of  pressure  waves  lessen  from  large  to  medium  or  small 
levels.  The  stick  propellant,  regardless  of  charge /chamber  configuration, 
type  of  basepad  igniter  or,  indeed,  no  igniter  at  all,  gave  pressure-wave 
levels  that  were  small  without  any  modifications  being  made  to  the  modular 
container. 


The  overwhelming  conclusion  reached  from  this  study  is  that  the 
multizone,  modular  charge  with  stick  propellant  has  good  ignition  and 
combustion  characteristics  that  are  not  affected,  substantially,  by  the 
charge /chamber  interface  or  by  ignition  variations.  Future  studies  will 
concentrate  on  the  effects  of  low  temperature  and  parasitic  components  in 
the  module  on  ignition  and  combustion  characteristics  of  the  charge. 
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APPENDIX  A 

Propellant  Description  Sheets 


RDPELLANT  DESCRIPTION  SHEET 
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APPENDIX  C 

Plots  of  Spindle  Pressure  (Solid  Line),  Forward  Chamber  Pressure 
(Dashed  Line),  and  Pressure  Difference  Versus  Time 


TABULATION  OF  FIRING  DAT A/ STICK  PROPELLANT  (cont) 
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*  Propellant  and  projectile  weights  were  7.8  an  41.6  kg,  respectively.  Projectile  seating  distance  was  911  mm 
unless  noted  otherwise.  Basepads  contained  85  g  CBI  unless  noted  otherwise. 

**  Standard  deviations  are  given  in  parentheses  for  series  with  3  or  more  rounds. 
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TABULATION  OF  FIRING  DATA/GRANULAR  PROPELLANT  (cont) 
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TABULATION  OF  FIRING  DAT A/ GRANULAR  PROPKLLANT 
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*  Propellant  and  projectile  weights  were  7.8  and  43.6  kg,  respectively.  Projectile  seating  distance  was 
911  mm  unless  noted  otherwise.  Basepads  contained  85  g  CBI  used  unless  otherwise  noted. 

**  Standard  deviations  are  given  in  parentheses  for  series  with  3  or  more  rounds. 


APPENDIX  B 

Tabulation  of  Firing  Data  for  Modular  Case/Granular  Propellant  and 
Modular  Case/Stick  Propellant  for  all  Series  Configurations 


ICOMPOSUiON 


PROPELLANT  DESCRIPTION  SHEET 

TI  ,  |  04  LOT  NUMtl* 

M31A1E1  Slotted  St ickr mqmINAL  1.0X3  1 


IIPOPU  COMIOi  >  >  »»o. 

EXEMPT-PARA  7-2a 
AR  335-15 


RAD-PE-480-90 


It  •lt  ii  ir  i  |  iON  PACKlO  AMOUNT 

COR  lttr  SARRA-EN  dtd  10/6/82  &  11/29/82 _ 10,200  Pounds 


M'CAT  RADFORD  ARMY  AMMUNITION  PLANT,  RADFORD,  Y A.  NUM,U  0AAA09-77-C-4007 


RADFORD  ARMY  AMMUNITION  PLANT,  RADFORD,  YA. 

.  NITROCELLULOSE 

ACCSPTtD  BUNO  NUMIIU 


NIUOGtN-CONTlWt-  Kl  STAtCH-  STAAlUTT  (114  S’C) 

lAS.J’O 


B30956 
B 3 096 4 


B30960 

B30966 


n»ni>njili 
Tom  I  T 


B30955 

B30963 


POUNDS  SOLVINT  PU  POUND  NC/OIT  WIIGHT  INGtSDItNTS  CONSISIING  OP  ..  -U.H _ POUND! 

t«  100  POUNDS  SOIVCNT _ f(»C(NTAGt  AtMIX  TO  WHOtt  _  . 

□  PROCESS-SOLVENT  RECOVERY  AND  DRYING 


MAX. 

12.58 

-  X 

MIN 

MIN 

MIN 

12.50 

_  X 

_  MIN 

MIN 

A  VO 

12.52 

z 

A5+  MIM  30 

MIN 

explosion 

HR 

MANUFACTURE  OF  SOLVENT  PROPELLANT 

:/0«T  WIIGHT  INGIIDIINTS  CONSISIING  OP  60  -  POUNDS  ALCOHOl  AND  . 


_ UMI _ 

DATS  |  hOUIS' 


Ambient)  Ambient 
.Ambient  120 

120  120  _ 
120 


Ambient  Conditioning 
Increase  at  5°  per  He 
Hold 


_ _ _ _ A—. 

CONSTITUENT 

PERCENT 

FORMULA 

piJcIni 

TOU8ANCI 

PERCENT 

MEASURED 

FORMULA 

ACTUAL 

hpat  test  No  CC 

40' 

60+ 

Nitrocellulose 

22.20 

±1.3 

21.91 

No  Fumes 

60' 

60 _ _ 

Nitroelvcerin 

19.00 

±1.0 

19.48 

FORM  Of  PROPEUANT 

Nitroeuanidine 

53.70 

±1.0 

53.28 

HOE  cal /pm 

_ nZa _ 

8n.  5o 

Dibutvlohthalate 

2.70 

±0.3 

2.98 

F.thvl  Central  ite 

1 .40 

±0.3 

1.32 

A ve  Stick  wt-ems 

n/a 

30.00 

Potassium  Sulfate 

1.00 

±0.3 

1.03 

Std  Dev  -eras 

n/a 

0.931 

Total 

100.00 

- 

No  Trials 

_ n/a _ 

100 

Total  Volatiles  (TV) 

n/a 

n/a 

Q.  15 

Absolute  Density 

1.63 

Carbon  Black 

0.09 

±0. 01 

0. 11* 

g/cc 

I -I  ■■■■■■--  CIOS  ED  80  MB  ^ 

j  ..  |  tlUATIVI  I  PtlAHvi 

SOT  NUM»t»  |  ’IMP  P  |  QUICK NISS  I  POICP 


PE-480-  90 1+90 


stanoaap  [  70077 

•  (MAKS 


ioooox  j  ioo  oots 


- - - 

SPECIFICATION 

DIE 

FINISHED 

LENGTH  (LI 

...29 _ 

_ 

28.81 

DIAMETER  (D) 

0.234 

0.259 

0-2  3.7- 

PfRF.  DtA.  M) 

0.079 

0.086 

.Q79  _ 

Web 

0.078 

0.087 

.080 

/S»K.  D#v.  m  % 

ol  W*b  Am. 

N/A 

N/A 

LD 

123.93 

111.97 

it  5f 

0  4 

2.96 

3.01 

l .  y  J 

SIO.  Olv.  in  7. 

ol  MlOPI  PilMtP'I.QM 

SPEC  ACTUAL 

n/a  0.33 


packip  i/n/83 
sampup1/13/33 

TSST 

OFFERED 

DESCRIPTION  SHI  El  S 
FOR  WAR  JED 

3-7-83 


TYPE  of  packing  CONTAINER 

REMARKS 

*  include  ash 


|i  or  coi/«a1ioi|  representative 


1RRC0M  FORM  214R  10  AUG  77 


OF  government  cualjiy  ASSURANCE  representative 


■  .V  6  9  2  75  . . ..  M.  ».  11L21  !l£ln  gg-  rromws 

_ ITEM  VI-39623  _ _ . _ 

f.'RO  aHMYM'MtJtJITIQM  PLANT.  RAprQPQ.  VA  ■  _ _ 461Jl.82 - Jr*s_l - - 

'  ‘ ,*•  5 9 - 7i - C * 03?. 9 _  ... 

51153-2  .  53472-2  .  rtf  7C.jC56ft-2  i  T.TC  S^'AP-AJ^- 621  !8 

.  ...  ~~  TvitmOC  'SluloTe~  ~ 


«»•*.  '  '  _  " “  J 

.  3 ;  j-  .' ~7V;  252Y;  253V: " 256Y;  260y7 
2 f- 2 Y ;  263Y;  268Y;  282Y;  288Y;  295~Y; 


X  u*,,*  C>»<»  *l  r«J  9-C I  I'H  I'CI 

*.  __**± _ _ ■ 

13.11_v[_ _ _ - 

ItiTii  x _ - — ”  -+-_  - 


"Ti  E’.’l  •  3  7F  CELT  l' LOSE  _  I _  .  _ It. »  - - «.• 

fciANU!"ACTUf»t  Or  PROPELLANT 

..<  r XY  /  O'f  » .  ..i  t-|....a«i|  C |  al _ -3 ,  'c.*aa  '  n  *-#'  a*  a  — - —  ^a.-A »  — - a*'  *00  U  - . 


PROCESS -  SOLVENT  RECOVERY  AIID  DRYING 

'O’.  VENT  RE '0 VERY  JEAN” _  _ 

■are  'solvent  recovery  temjerati si*  _ _ _ 

SOLVE?.  I  RECOVERY  TICCPERATORE  _  _  _  _____ 

i  TRY  CYCLE 


C  u*rti  f  A 

riJLS'D 


fcrv.  5  V/  71 


CERTIFICATE  OF  COMPLIANCE  AND  ANALYSIS 


DLACK  POWDER,  POTASSIUM  NITRATE  Nominal  Lot) 
SODIUM  NITRATE 

SPECIFICATION  17)1  / _ P  S.  £  3 


GRADB/CLASS _  C-r  ' 

CHEMICAL  AND  PHYSICAL  REQUIREMENTS 


SPECIFICATION  LIMITS 
MAXIMUM  MINIMUM 

ANALYTICAL 
SAMPLE  1 

RESULTS 
SAMPLE  2 

KOI  8  TURK 

o.?o  | 

1 

oss?\ 

o  S/I  t 

ANALYSIS  -  DRY  BASIS < 
Potassium  Nitrate 

Sodium  Nitrate 

7S.O  | 

?3o  % 

73.6  I 

7V 

Sulfur 

ttH, 

/of 

To.S 

Charcoal 

)6.3 

p.J, 

/SI 

JS.3 

Calcium  Carbonate 

Semi-Bituminous  Coal 

mri mr* 

lWfdt 

Total 

XX 

XX 

ASH 

0&7I 

1 

O.jf  % 

o.y  % 

SPECIFIC  GRAVITY 

i.eo 

/,7a 

1.777 

/.?at 

APPARENT  DENSITY 

jo  e 

l.o / 

GRITTY  OR  FIBROUS  PARTICLES 

h/ovz. 

A^>A/e. 

A4>A/e- 

(s/ove. 

GLAZE 

GRANULATION i 

On  U.S.  Std. 

)6 

3.0  l 

1 

A  1  > 

*./  » 

On  U.S.  Std. 

ThruU.S .  Std. 

Thru  U.S.  Std. 

Ho 

f.o 

5.7 

Dote  Tested 

s/6  / s  / 

DATS  PACXBD_ 

LOT  NUMBEn  NOMINAL 


Book  No. 
Order  No. 


Customer 


PRESSURE  DIFFERENCE  CMPfl) 


SlRIES 

soar 


S,  MODULAR  CHARGE /GRANULAR  PROP.,  MODUL.038 
MODULES  HAVE  5.6-HM  VENT  HOLES 


3S  40  4S  SO 

TIME  (MS) 


SCRIES  5.  NODULAR  CHARGE/GRANULAR  PROP.,  MODUL  38 
MODULES  HAVE  5.6-MM  VENT  HOLES 


1  .  1 

o 

30 

1  1 1 

(V 

1 .1 

1 1 

1 1. 

20 

c  ■» 

\  ij 

10 

II. 

'*•> 

0 

CM 

1  1 1 

Cl 

•  10 

i  ) 

-20  L 

30 

TIME  (MS) 


PRESSURE  DIFFERENCE  IMF-.  I  PRE33UR 


PRESSURES  (MPA) 


URE  DIFFERENCE  friFO) 


SERIES  1,  MODULAR  CHARGE/  STICK  PROP.. 

BASELINE  SERIES 


MODUL.078 


PRESSURES  (MPA) 


SERIES  11,  MODULAR  CHARGE /GRANULAR  PROP.,  MDDUL . D54 
MAXIMUM  STANDOFF/SAME  AS  BASELINE  SERIES 


PRESSURE  (MPA) 


SERIES  9.  MODULAR  CHARGE/GRANULAR  PROP.,  MODUL.046 
3.8-MM  HOLES  IN  MODULES ( SEPARATED  BY  NC-SPACERS) 

300i  - - 


280- 
280- 
240- 
220- 
200- 
180- 
160- 
140- 
120- 
1 00- 
80- 
00 
40- 
20- 

0-  — 
35 


40 


'  Forward  ChamH*r 

'  Pressure  only 

\ 


45 


50 

TIME  (MS) 


55 


60 


65 


No  Spindle  Pressure — Therefore  no  Pressure 
Difference  could  he  calculated. 


76 


PRESSURES  ( MPfl ) 


SERI  E 

3.8-1 

300 


280 


260- 
240  - 
220- 
200- 
180- 
160- 
140- 
120- 
100- 
80- 
60- 
40- 
20- 

0  - 
30 


PRESSURE  DIFFERENCE  ( MPR )  _  PRESSURES  (MPfl) 


PRESSURE  DIFFERENCE  (MPA)  I-  PRESSURES  (MPA) 


SERIES  4.  MODULAR  CHARGE/STICK  PROP.,  MODUL.07I 
CARDBOARD  SPACERS  BETWEEN  SEPARATED  MODULES 


30  MO  MS  S0  SS  00 

TIME  (ITS) 


9 


33URE  DIFFERENCE 


SERI 


ES  P.  MODULAR  CHARGE/STICK  PROP..  M0DUL.068 
CLASS  5.  BLACK  POWDER  BASEPAD 


SERIES  6.  MODULAR  CHARGE/STICK  PROP.,  MODUL.068 
CLASS  S.  BLACK  POWDER  BASEPAD 


AD-8152  654 


UNCLASSIFIED 


HULTIZONE  NODULAR  ARTILLERV  PROPELLING  CHARGE  STUDIES  27 
<U)  ARNV  BALLISTIC  RESEARCH  LAB  ABERDEEN  PROVING  GROUND 
HD  C  R  RUTH  ET  AL.  FEB  85  BRL-TR-2626  SBI-AD-F2B8  597 


i 

END 

10 


M 


25 


\tm 

l&Kif 


22 

20 


H-8 


1-4 


1-6 


SERIES  8,  MODULGR  CHGRGE/STICK  PROP..  MODUL.083 
C8I  BhSEPHD  ON  FRONTEND  OF  MODULE  fio 


E 


( K? 


SERIES  9.  MODULAR  CHARGE/STICK  PROP. ,  MODUL.081 
CBI  BASEPAD  AT  BACKEND  OF  EACH  M0DULE--3  BASEPADS 


25  30  35  MO  MS  50  55 


TIME  (MS) 


xESSURES  (MPR) 


SERIES  9.  MODULAR  CHARGE/STICK  PROP...  MODUL.082 


SERIES  9.  MODULAR  CHARGE/STICK  PROP.,.  MODUL.082 

c3i  ^r.sEPRD  nr  backend  of  each  module--3  basepads 


' 10 


1 
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